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Electric discharge tube. 

© Flat and slightly convex pyrolytic graphite grid elec- 
trodes are very suitable for use in electric discharge tubes, 
for example in ion. sources, cathode-ray tubes, travelling 
waveguides and transmitter tubes. ft has proved possible to 
manufacture said electrodes by manufacturing the grid and 
the grid holder of the pyrolytic graphite electrode from one 
piece of pyrolytic graphite. Such integral grid electrodes 
have a very good mechanical and thermal behaviour. 
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The invention relates to an electric discharge 
tube comprising in an evacuated envelope a grid electrode 
having a substantially flat grid of pyro lytic graphite 
which is provided in a grid holder. 

An electric discharge tube is a tube in which 
a beam or a flow of electrons and/or ions is generated, 
for example, an ion source, a cathode-ray tube, a travel- 
ling wave tube or a transmitter tube. Pyrolytic graphite is 
a synthetic form of carbon which is obtained on a suitable 
substrate or mandril by deposition of elementary carbon 
from a carbon-containing gaseous phase. By previously 
determining defined deposition parameters it is possible 
to manufacture layers of pyro lytic graphite which are 
distinguished by a pronounced anisotropy of a number of 
physical properties . A detailed description of the de- 
position process is found, for example, in "Carbon" 5 
(1967), pp. 2Q5-2 17 and in "Philips Technisch Tijdschrift" 

28 (1967), EE- 133-1^* 

A method of manufacturing a grid electrode 
20 having a flat pyrolytic graphite grid is disclosed in 

United States Patent Specification h,2h5 9 379. Said Speci- 
fication describes, how a flat pyrolytic graphite grid can } 
"be obtained by cutting a disc from a cylinder of pyrolytic 
graphite, then grinding it, providing it with apertures 
25 and stretching it in a grid holder. Such a method was 

necessary because so far it had proved impossible to manu- 
facture directly thin flat pyrolytic graphite grids having 
a thickness of less than 100 ^um by means of epitaxial 
growth on a hot mandril. This was impossible as a result 
30 of stresses which were generated in the grown layer during 
the cooling process. The method described in the said Unit- 
ed States Patent Specification 4,2^5,379, however, has the 
disadvantage of being very laborious and the grid has to be 
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s -fere -belied in a grid holder . Another disadvantage is that 
the heat transport frtjm the grid to the holder is not 
optimal so that at high thermal loads the possibility- 
exists of the grid becoming- too hot. 

Zt is therefore an object of the invention to 
provide an electric discharge tube in "which the grid need 
not be stretched in a grid holder and the heat transport 
from the grid to the grid holder is optimal. 

For that purpose, an electric discharge tube of 
the To'-nd described in the opening paragraph is character- 
ized according to the invention in that the grid holder 
also consists of pyrolytic graphite and is integral with 
the grid. It is indeed impossible to manufacture thin flat 
pyrolytic graphite grids having a thi cloa.es 3 of approxima- 
tely 100 |Um by means of epitaxial growth on a hot mandril. 
It is possible, however, to manufacture a thick flat 
layer of py rolytic graphite which does not warp upon cool- 
ing. It is also possible to manufacture a cup— shaped body 
of thick or thin (lOO— 200 ^um) pyrolytic graphite having a 
flat or slightly convex bottom. By using a disc of thick 
flat pyrolytic graphite and making the central portion 
thereof locally thinner by means of, for example, spark 
erosion or sand blasting, and then cutting a grid in the 
thinned part by means of, for example, a laser beam or an 
electron beam or by means of spark erosion or sand blast- 
ing, a. grid electrode is obtained whose grid is integral 
with thd grid holder. It is also possible to use a cup- 
shaped body of pyr olytic graphite. If the bottom of such 
a cup— shaped body is thick, a. local thinning can be pro- 
vided therein in the manner described, after which the 
grid apertures can be formed. It is also possible, however, 
to start from a cup— shaped body of thin pyrolytic gra- 
phite. A local thinning then is not necessary so that the 
grid apertures can be directly provided in the bottom. 
In such a cup— shaped grid electrode, the grid is kept 
stretched by the mechanically rigid cylinder wall. "When 
a. cup— shaped body of pyrolytic graphite having a slightly 
convex bottom is used as the starting material, it is also 
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possible to manufacture slightly convex grids. If the 
cup— shaped electrode comprises: a' radially extending flange 
at its open end, this may serve Tor the assembly in the 
electric discharge' tube. 

5 A great advantage of manufacturing the grid 

and the grid holder as one assembly is that the heat trans- 
port from the grid to the grid holder is optimal. This is 
because the thermal conductivity in the direction parallel 
to the surface of the pyrolytic graphite is large. The 

10 pyrolytic graphite cylinder of a cup«*shaped electrode 
moreover also serves as a heat radiator • 

The invention vill. nov be described in greater 
detail, by way of example, with reference to the drawings, 
in whi ch 

15 Figures la, 1b and 1c are longitudinal sectio- 

. nal .views of a. number of possible embodiments . of grid 
electrodes according to the invention, 

Figure 2 is a longitudinal sectional view of 
a cathode— ray tube having such an electrode, and . 
.20 Figure 3 is a elevation, partly broken away, of 

a planar transmitter tube having, such an electrode.. 

. -i = Figures la to 1c are . longitudinal- sectional 

views of a number of possible pyrolytb graphite grid 
electrodes for use in electric discharge tubes according 
25 to the. invention. The grid electrode shown in Figure la 
comprises a 100 yrum thick pyrolytic graphite grid 1 which 
; is integral with the annular grid holder 2*. The grid holder 
2 has a thickness d of 2 mm. Said grid holder 2 and the 
pyrolytic graphite grid 1 are manufactured from a 2 mm 
30 thick disc of pyrolytic graphite which locally has been 

made thinner in the central part. The apertures 3 have then 
been provided in said thinner part by means of a — laser 
beam. It has proved possible to provide .10 to 15 apertures 
per mm beside each other. The apertures in Figures 1a, 
35 b and £ are shown diagrammatic ally only. Because the grid 
holder 2 and the grid 1 have been manufactured from one 
piece of pyrolytic graphite, the heat transport . from the 
grid which, for example, is exposed to an electron bom- 
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"bardment, t the grid holder 2 is optimal. 

Hie grid, electrode of Figure lb is cup— shaped 
and comprises a 75 ^tnn thiclc grid h of pyrolytic graphite 
which is provided in the not torn of the cup— shaped elec- 
trode. The grid liolder in tliis case cozxsists of tlxe cylin- 
der wall 5 and a part 6 of tine "bottom. Tire grid 4 has been 
obtained toy locally thinni *ng tlxe bottom of a 1 mm thick 
cup-shaped body of pyrolytic graphite and then providing 
the apertures 7 . The cup— shaped electrode comprises a 
radially extending flange 8 at its open end. 

The grid electrode shown, in Figure 1c is also 
cup-shaped. This electrode, however, is manufactured from 
a thin cup— shaped pyrolytic graphite body (thickness 400 
yum) in which the grid apertures TO have been provided 
in the bottom. The grid 9 remains stretched because it 
is integral with the cylinder wall 11 which moreover com- 
prises a radially extending flange 12. 

Flange 8 of Figure lb and flange 13 of Figure 
1c may be used to connect the electrodes in a tube. 

Figure 2 is a longitudinal sectional view of a 
cathode— ray tube having an electrode as shown in Figure 1 . 
It comprises a glass envelope 20 which is composed of a 
display window 21, a cone 22 and a neclc 23. A display 
screen 24 which comprises a thin phosphor layer is pro- 
vided on the inside of the display window 21 . An electron 
gxnx-25 fmy generating an electron beam 26 is present in the 
neclc 23 • Said electron gun 25 comprises, centred around an 
eoc±s 32, a cathode 27 3 a first electrode 28, a second 
electrode 29, a third electrode 30 and a fourth electrode 
31 • The electron beam 26 is deflected over the display 
screen 24 in two mutually perpendicular directions by means 
of a system 33 of deflection coils and describes a frame 
on said display window. 

T-n the noii-pr epubli shed Netherlands Patent 
Application 8200691 (PHN 10,273) it is described that the 
spherical aberration of the electron beam can be reduced 
by placing a grid (gauze) in the accelerating focusing 
lens of an electron gun. A pyrolytic graphite grid electrode 
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as shown- in Figure 1c as the fourth gun electrode 31 ±s 
particularly suitable due to Its good, mechanical 9 thermal 
and. electrical properties. 

Figure 3 is an elevation, partly broken away*, 

5 of a transmitter tube having flat electrodes. This tube 
comprises an envelope 4o having connection pins 4l . The 
envelope 4o is composed of two annular parts 42 and 43 
and two cup-shaped parts 44 and 45 • Electrodes 46, 47 and 
48 are connected between said parts by means of a sealing 

10 connection. Electrode 47 is a control grid of pyrolytic 
graphite as shown in Figure Ih. Because the grid 49 is 
integral with the grid holder 50, the thermal energy heat 
generated in the grid is very readily dissipated to the 
envelope . 
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( CLAlFv:- 

1 • An. electric discharge tub'e c ompri s ing in an 

e-va.cixa.-bed envelope a grid electrode having a. substantially 
flat grid of* pyro lytic graphite -which is provided in: 
a. grid holder , characterized in that the grid holder also 
5 consists of* pyrolytic graphite and* is integral -with the 
grid. 

2. An electric discharge tube as claimed in Claim 
1 , characterized in that the grid holder is annular and 
in the direction at right angles to the centre of the 

10 grid surface is thicker than the grid. 

3« An electric discharge tube as claimed in Claim 

1 , characterized in that the grid electrode is cup-shaped 
and the grid forms at least a part of the bottom of said 
cup— shaped electrode and the grid holder is formed at 

15 least by the cylinder vail of the cup— shaped grid of the 
grid electrode. 

h m An electric discharge tube as claimed In Claim 

3, characterized in that the cup— shaped grid electrode 
comprises a radially extending flange at its open end. 

20 5 • An electric discharge tube as clamed in any 

of the preceding Claims, characterized in that the grid 
is slightly curved. 

6. An electric discharge tube as claimed in any 
of the preceding Claims , characterized in that the tube is 

25 a cathode— ray tube. 

7. An electric discharge tube as claimed in any 

of the Claims 1 — 4 , characterized in that the tube is a pla- 
nar transmitter tube© 
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